We examined US nurse practitioner (NP) and physician assistant (PA) outpatient antibiotic prescribing. Antibiotics were more frequently prescribed during visits involving NP/ PA visits compared with physician-only visits, including overall visits (17% vs 12%, P < .0001) and acute respiratory infection visits (61% vs 54%, P < .001). Antibiotic stewardship interventions should target NPs and PAs.
Antibiotic overuse in ambulatory care settings is a major problem and contributes to antibiotic resistance and avoidable adverse drug events [1, 2] . The most common conditions for which antibiotics are prescribed in ambulatory care settings are acute respiratory tract infections (ARTIs). In many cases, these conditions do not warrant an antibiotic prescription, yet inappropriate antibiotic prescribing remains common [3] . Most research assessing outpatient antibiotic prescribing has focused on physicians [4] . Less is known about the prescribing practices of nurse practitioners (NPs) and physician assistants (PAs), who collectively represent more than one quarter of the US primary care workforce [5] . Studies from more than a decade ago suggested that antibiotic prescribing rates among NPs or PAs are similar to or higher than rates among physicians, but contemporary studies are needed due to a rapidly growing NP and PA workforce [5] [6] [7] [8] . In order to guide public health initiatives and to better understand antibiotic prescribing practices across all provider types, we compared antibiotic prescribing during ambulatory care visits involving NPs and PAs with physicianonly visits.
METHODS

Data Sources
Data from the National Ambulatory Medical Care Survey (NAMCS) and the National Hospital Ambulatory Medical Care Survey (NHAMCS) from 1998 to 2011 were used to examine trends in visits involving PAs/NPs; data from 2006 to 2011 were assessed for recent patterns in both overall antibiotic prescribing and antibiotic prescribing for ARTIs according to provider types involved (PA, NP, or physician), diagnosis, and antibiotic class. Details of NAMCS and NHAMCS methodology have been described previously [9] . In brief, NAMCS samples visits to office-based physicians whereas NHAMCS samples visits to nonfederal emergency departments (EDs) and outpatient offices of noninstitutional general and shortstay hospitals to create a nationally representative sample of ambulatory care visits in the United States. During randomly assigned 1-week reporting periods throughout the year, patient demographic information, International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) data for up to 3 diagnoses, and medication prescribing data were collected for individual visits.
Study Population and Analysis
All ambulatory visits from 1998 to 2011 in the United States were divided into 2 groups: visits that involved a NP or PA, and visits that involved physicians only. Both the frequency of NP/PA visit involvement and trends in antibiotic prescribing for all conditions over this time period were assessed to determine whether significant differences exist in the proportion of visits that result in an antibiotic prescription. To account for possible differences in case mix between NP/PA and physicianonly visits, a subset of visits from 2006 to 2011 involving patients ≥18 years old who received a primary diagnosis of an ARTI and had no comorbid illness, as defined by the ICD-9-CM codes assigned to that visit, were analyzed (Appendix Table 1A ). Details of visit selection have been described previously [2] . Visits with NPs and PAs were first combined to provide more statistical power and then separated to provide individual estimates. Visits to nursing midwives were included in the analysis as visits to NPs.
Statistical Analysis
Logistic regression with time period as a predictor variable was used to determine whether a significant time trend existed in the proportion of visits that involved PAs/NPs during the study period. To determine whether visits involving NPs or PAs were more likely to result in an antibiotic prescription compared with physician-only visits, we performed a multivariable logistic regression model that included antibiotic prescribing as the outcome variable. We chose initial variables a priori based upon factors known to be associated with antibiotic prescribing [4] . For example, age has been associated with higher rates of prescribing, especially the very young (ages 0 through 2) and the elderly (age 65 and older) [10] . Bivariate analyses were assessed using a χ 2 test. Independent variables assessed included provider type; patient age, sex, and race; visit setting; US Census region; insurance status; Metropolitan Statistical Area; and whether a comorbid condition was diagnosed at the visit (Appendix Table 1A ). Statistical analyses were performed using STATA 12 (StataCorp, College Station, TX). An alpha value <0.05 was considered statistically significant.
RESULTS
Between 1998 and 2011, there were an average of 1. Figure 1) . Ambulatory visits between 2006 and 2011 involving NPs and PAs more frequently resulted in an antibiotic prescription compared with physician-only visits (17% for visits involving NPs and PAs vs 12% for physician-only visits; P < .0001) ( Table 1) . This pattern persisted for ARTI visits (61% vs 54%, P < .001). Broad-spectrum antibiotic prescribing (defined in Table 1 ) was no different among visits involving NPs and PAs compared with physician-only visits (57% of visits in which antibiotics were prescribed vs 57%; P = .61). No significant differences in antibiotic prescribing were observed when PA visits were compared with NP visits.
After controlling for patient-and practice-level characteristics, visits that involved NPs or PAs had independently higher odds of resulting in an antibiotic prescription (odds ratio = 1.31, 95% CI, 1.19-1.43) (Appendix Table 2A ).
DISCUSSION
We observed (1) a substantial increase in the proportion of ambulatory care visits in which NPs or PAs were involved and (2) a higher frequency of antibiotic prescribing for visits involving NPs and PAs compared with physician-only visits. Previous studies using NAMCS and NHAMCS found higher rates of antibiotic prescribing during visits with NPs and PAs compared with physician-only visits [8] . Our study adds to this literature by examining the most recently available data and shows that despite both modest declines in the overall rate of antibiotic use nationwide and increased participation in ambulatory care by PAs/NPs, this difference by provider type has persisted.
Several factors may contribute to potential differences in antibiotic prescribing rates between NPs/PAs and physician visits. One important reason may be that antibiotic stewardship programs, including the Centers for Disease Control and Prevention's Get Smart: Know When Antibiotics Work Program, have focused more on physicians rather than NPs or PAs. Elements of antibiotic stewardship are often included in NP, PA, and physician education curricula, suggesting that potential differences in antibiotic prescribing are more likely due to practice environment, learned clinical behaviors, or differences in patient communication rather than medical education. There may be significant differences in case mix comparing visits involving NPs and PAs with physician-only visits. However, we found that higher rates of antibiotic prescribing persisted among visits involving NPs/Pas, even when our analysis was restricted to visits for patients with the same diagnosis (ARTI). Regardless of provider background or training, the widespread use of antibiotics for ARTIs raises concerns about avoidable increases in antibiotic-resistance and adverse drug events at both the individual and population levels.
There are important limitations to consider when using NAMCS and NHAMCS to analyze NP and PA prescribing. These surveys provide important estimates of healthcare delivery and patient care; however, the sampling methods were designed to produce estimates that are representative of visits to Midwives were not present in ED settings. Visits in which a comorbid illness was diagnosed were excluded. b Broad-spectrum antibiotic drug classes were defined as quinolones, macrolides, broad-spectrum cephalosporins (second, third, or fourth generation), broad-spectrum penicillins (amoxicillin/ clavulanate), and lincomycin derivatives. Denominator includes only visits in which antibiotics were prescribed.
office-based and ED physicians and may not be representative of NP and PA practices in these settings [11] . Other limitations to our study include (1) a smaller number of visits to NPs and PAs compared with physicians and (2) potential unmeasured differences in case mix or illness severity seen by physicians compared with NPs or PAs. Finally, NPs and PAs frequently practice in nontraditional ambulatory care settings (eg, retail clinics or urgent care settings) that are not generally captured in NAMCS or NHAMCS and were not included in this study.
CONCLUSIONS
Future efforts should seek to understand the differences in antibiotic prescribing observed in the present study, including the assessment of workplace and patient communication dynamics that may contribute to excess antibiotic prescribing. As the proportion of outpatient visits involving NPs and PAs continues to increase, interventions to reduce inappropriate antibiotic use in ambulatory care should target these providers in addition to physicians. Finally, it is important to accurately characterize NP and PA practice. Therefore, US healthcare survey data should implement sampling strategies that capture nationally representative data for NP and PA practice. Regardless of provider type, antibiotic prescribing for ARTIs and use of broad-spectrum antibiotics in our study was much higher than desired and necessary, mandating ongoing evaluation and intervention to minimize antibiotic resistance, adverse drug events, and poor clinical outcomes that result from inappropriate antibiotic prescribing. Other diagnosis 8% 1.00
Abbreviations: ARTI, acute respiratory tract infection; CI, confidence intervals; NP, nurse practitioner; OR, odds ratio; PA, physician assistant. a A comorbidity was defined as a chronic disease and/or immunosuppressive medication, see Appendix Table 1A .
